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coating. For example, lann.ns contained ,n woocte ^"'^J^^^^^^^^^^ discoloration on the surface of the coating: and 

substrate into the coating, causing tannin staining, "^''^'^^PP^J^^^^' ™ . ^^.^^^ by the migration of 

salts contained In -rnentitious substrat^ otten^^^^^^^^^ J^^^J^^ 

the salt from the substrate to the paint coating, where ft appears ^ ^^J^^^P ,he substrate. For example, 

coatings previously applied to the substrate can abo be ^J^l'^'^s^^^^^^ pens and cause r.a*er 
cigarettesmokecausesniootine«^^^^^ 

stainsonthesubstrate.Eachoftheabovementionedtypesoisiamn^^^^ While the addition of strong 
been made to resolve thisproblem by incorporatmgstrong acids ir^toa^^^^^^ 
add can achieve the reduction, or el^ination 0 stain W^^^^^^^^ 

polymers having a small particle stee. whch latitude, it is desirable to 

of an ionic comonomer such as sodium styrene sulfonate sodium v nyi su , including phosphates 

by weight. «™iriefi a mpthod for blocking stains comprising: (a) 

iJoOT] in a second aspect of the present — 'be^^ Zls ^copo iy^^^^^^^ -id bimodal copolymer 
fomiing a coating composition compnsing a bimodal "^^^^ ^aid copolymer, of a strong acid 

comprises as polymerized units 0.1% to 10% by weight. ''^^^'^ °" ^ having a diameter of 50 to 

stain; and (c) drying, or allowing to dry said coating '^°""P°f frproviding improved hiding comprising: 
[OOOq inathirdaspBCtofthepresentinventionthereisprov^^^^^^^^^ 

(a)fom,ingacoatingcompos«ion compn^^^^^^^ ^ JTry w^ht of said copolymer, of a strong acid 

rnrorsSro?=ei^:i?b:tdr;^^^^^^^^ 
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particles to said large mode particles is 10:90 to 90:10; (b) applying said coating composition to a substrate bearing a 
stain; and (c) drying, or allowing to dry said coating composition. 

[0009] In a fourth aspect of the present invention there is provided a method for providing improved block resistance 
comprising: (a) forming a coaling composition comprising a bimodal aqueous emulsion copolymer, wherein said bimo- 

5 dal copolymer comprises as polymerized units 0.1% to 1 0% by weight, based on the dry weight of said copolymer, of 
a strong acid monomer, or salts thereof; wherein said bimodal copolymer contains small mode particles having a 
diameter of 50 to 150 nm. wherein said bimodal copolymer contains large mode particles having a diameter of less 
than 400 nm; wherein said small mode particles are smaller in diameter than said large mode particles; wherein the 
ratio of said small mode particles to said large mode particles is 1 0:90 to 90: 1 0; (b) applying said coating composition 

10 to a substrate bearing a stain; and (c) drying, or allowing to dry said coating composition. 

[0010] In a fifth aspect of the present Invention there is provided a method for providing improved shear stability 
comprising: forming a coaling composition comprising a bimodal aqueous emulsion copolymer, wherein said bimodal 
copolymer comprises as polymerized units 0,1% to 10% by weight, based on the dry weight of said copolymer, of a 
strong acid monomer, or salts thereof; wherein said bimodal copolymer contains small mode particles having a diameter 

15 of 50 to 150 nm, wherein said bimodal copolymer contains large mode particles having a diameter of less than 400 
nm; wherein said small mode particles are smaller In diameter than said large mode particles; wherein the ratio of said 
small mode particles to said large mode particles Is 1 0:90 to 90:1 0. 

[0011] The composition of this invention relates to a coating composition containing a bimodal aqueous emulsion 
copolymer whose polymerized units include 0.1% to 10% by weight (based on the dry weight of the copolymer), pref- 

20 erably 1 % to 1 0%. more preferably 1 % to 6%, of a strong acid monomer, or salt thereof. The composition is particularly 
useful as a stain blocking coating. By "stain blocking coating", herein is meant a coating which, when dry, is intended 
to prevent the migration of stains from the substrate, or from coatings previously applied to the substrate, so that when 
dry, the composition of the invention, or an aqueous coating applied over the composition of the invention, will have 
an aesthetically pleasing appearance with minor visible, or no stains on its surface. Alternatively, one skilled in the art 

25 may refer to the stain blocking coating as a stain-blocking primer, or a stain locking primer. By "bimodal copolymer^', 
herein is meant a copolymer having two populations of parttele mode, wherein each of the two populations appears 
as a separate peak in a partfcle size distribution plot, due to the difference in diameter of each mode. By particle 
"diameter herein is meant the diameter of the polymer particle as measured by a Matec Applied Sciences CHDF-2000 
instrument. The small mode particles of the bimodal copolymer of the invention preferably have an average diameter 

30 of 20 nm to 1 70 nm. more preferably 50 nm to 150 nm, most preferably 75 nm to 125 nm. The large mode particles of 
the bimodal copolymer of the invention preferably have a diameter of less than 400 nm, more preferably less than 300 
nm most preferably less than 250 nm. The small mode partides are smaller in diameter than the large mode particles. 
Preferably, the ratio (by weight) of the small mode particles to the large mode particles is 1 0 :90 to 90: 1 0. more preferably 
30:70 to 70:30, most preferably 35:65 to 65:35. Preferably, the bimodal copolymer contains a high percentage of the 

35 small mode particles. By "high percentage", herein is meant that the small mode particles represent 50% to 65%by 
weight of the copolymer It is contemplated that the composition of the Invention may include a multimodal emulsion 

polymer. . 
[001 2] Applicants have found that the coating compositions of the invention may have improvements over a unimodal 
coating composition in one or more of the following properties: stain blocking, block resistance and shear stability. It 
40 is contemplated that the coaling composition of the invention may provide for paints whteh have improvements in one 
or more of the following properties: open time, stain resistance, oil softening resistance, organic soWent resistance, 
metal adhesion, and freeze/thaw resistance. 

[0013] The polymerized units of the bimodal aqueous emulsion copolymer include 0.1% to 10% by weight (based 
on the dry weight of the copolymer), preferably 1% to 10%. more preferably 1% to 6%, of a strong acid monomer, or 
45 salt thereof, 

[0014] By "strong add monomer-, herein is meant monomer bearing a pendant acid group having a pKa (in water 
at 20°C) of less than 4. or a salt thereof. Examples of suitable strong add monomers indude 2-acrylamido-2-methyl- 
propane sulfonic add, vinyl sulfonic add. styrene sulfonic add. 1 .allylo)(y-2-hydroxypropane sulfonic add, alkyi allyl 
sulfosucdnic acid, sulfoethyl (meth)acryiate, phosphoalkyi (meth)acrylates such as phosphoethyl (meth)acry late, phos- 

50 phopropyl (meth)acrylate. and phosphobutyl (meth)acrylate, phosphoalkyi crotonates, phosphoalkyi maleates. phos- 
phoalkyi f umarates. phosphodialkyi (meth)acrylates. phosphodialkyi crotonates. and allyl phosphate, and combinations 
thereof. By "(meth) acrylate" herein is mean either an acrylate or a methacrylate. Preferably, the ethylenically unsatu- 
rated strong acid monomer is a Phosphorous-containing monomer, more preferably, phosphoethylmethacrylate. Pref- 
erably the ethylenically unsaturated strong add contains 1% to 10%, more preferably 0.5% to 10%. most preferably 

55 1% to 5% of the phosphorous containing monomer. It is contemplated that the copolymerized ethylenically unsaturated 
strong add monomer may be formed after the polymerization of at least one ethylenically unsaturated monomer and 
a strong add precursor monomer by effecting the reaction of the copolymerized strong add precursor monomer so as 
to convert it to a copolymerized strong acid monomer; for example a polymer containing, as a polymerized unit, hy- 
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droxyethyl methacrylate which may then be reacted, as is well known in the art, to form, for example, sulfoethyl meth- 
acrytate or phosphoethy! methacrylate. 

[0015] The bimodal copolymer may contain 0% to 5%, more preferably 0% to 2%, most preferably 0% to 1% (by 
weight, based on the dry weight of the copolymer), copolymerized weak acid monomer, or salts thereof. By "weak acid 
5 monomer", herein is meant monomer bearing a pendant acid group having a pKa (in water at 20^0) of greater than 4, 
or a salt thereof. Examples of suitable weak acid monomers include, without limitation, acrylic acid, methacrylic acid, 
crotonic acid, itaconfc acid, fumaric acid, maleic acid, monomethyl itaconate, monomethyl fumarate, monobutyl fuma- 
rate, maleic anhydride, and combinations thereof. 

[0016] The polymerized units of the bimodal aqueous emulsion copolymer may include at least one ethylentcally 
10 unsaturated monomer. Suitable ethylenlcally unsaturated monomers may be selected from amides such as (meth) 
acrylamide, propenamlde, dimethylacrylamide; esters such as methyl acrylate, ethyl acrylate. butyl acrylate, propyl 
acrylate, 2-ethylhexyl acrylate, hydroxyethyl acrylate, methyl methacrylate, hydroxyethyl methacrylate, hydroxymethyl 
acrylate, hydroxymethyl methacrylate, hydroxypropyl acrylate, hydroxypropyl methacrylate, vinyl acetate, vinyl prop- 
rlonate, or other vinyl esters; nitrlles such as acrylonitrile; and combinations of the foregoing. Other suitable ethylenically 
fs unsaturated monomers may include vinyl monomers such as vinyl chloride, vinylidine chloride, vinyl toluene and N- 
vinyl pyroHidone; vinyl benzophenone; styrene or atkyl-substituted styrene; butadiene; and combinations of the fore- 
going. 

[0017] One, or both modes of the bimodal copolymer may contain from 0% to 5%, by weight based on the dry weight 
of the copolymer, copolymerized multi-ethylenicaliy unsaturated monomers such as, for example, altyl methacrylate, 
20 dialtyl phthalate, ,1 ,3-butylene glycol dimethacrylate 1,4-butylene glycol dimethacrylate, 1,2-ethylene glycol dimeth- 
acrylate, 1 ,6-hexanedio! diacrylate, and divlnyl benzene. 

[0018] It is contemplated that the aqueous coating composition of the invention may contain pigments and/or fillers 
such as, for example, titanium dioxide, iron oxide, zinc oxide, magnesium silicate, calcium carbonate, organic and 
inorgank: colored pigments, and clay. Such pigmented coating compositions preferably contain from 0% to 85% pigment 

25 on a volume basis. Preferred for the nnethod of blocking stains is 0% to 50% pigment on a volume basis. For block 
resistance, judicious selection of the pigment is important. It is also contemplated that the aqueous coating composition 
of the invention may contain opaque polymer particles, such as, for example, RopaqueT** Opaque Polymers (Rohm 
and Haas Co., Philadelphia PA): which are useful for further improving the dry hiding of paints formulated with the 
bimodal copolymer of this invention. Extender particles with low oil absorption values may be added to the aqueous 

30 coatingcompositionof theinvention.suchas.forexample, ExpancelT" 551 DE20 AcrylonitrileA/inyl Chloride expanded 
particles (Expancel Inc. Duluth Georgia); Sil-Ceir** 35/34 a sodium potassuim aluminum silicate particles (Sllbrico 
Corporation, Hodgkins IL); Dualite™ 27 Polyvinylldene chloride copolymer coated with CaC03 (Pierce and Stevens 
Corporation, Buffalo NY); Fillltte™ 150 ceramic spherical Trelleborg Fillite Inc. Norcross GA); Microbeads™ 4Asoda 
lime partilces (Cataphote Inc.); Sphericeir*^ hollow glass particles (Potter Industries Inc. Valley Forge PA); Ecco- 

35 sphere^" hollow glass spheres (New Metals & Chemicals Ltd.; Essex England ); Z-lightT" Sphere W-1200 Ceramic 
hollow spheres (3M St. Paul MN.); Scotchlite^" K46 glass bubbles (3M St. Paul MN.); Vistamer™ UH 1500 and Vis- 
tamer^w HD 1800 polyethylene particles (Fluoro-Seal Inc Houston T)Q. 

[0019] The glass transltton temperature of the bimodal copolymer is preferably from -20" CtoBO'C, more preferably 
from -15 " C to 35°C. most preferably from 5°C to 25°C, as cateulated using the Fox equation (T.G. Fox, Bull. Am. 
40 Physics Soc, Volume 1 , Issue No. 3, page 123 (1 956)). "mat is. for calculating the Tg of a copolymer of monomers 
Ml and M2, 

1/rg(calc.)= w(M1)/rg(M1) + w(M2)/rg(M2) 

45 

wherein 

Tg(calc.) is the glass transition temperature calculated for the copolymer 
w(M1) is the weight fraction of monomer Ml in the copolymer 
50 w(M2) is the weight fraction of monomer M2 in the copolymer 

Tg(M1 ) is the glass transition temperature of the homopolymer of Ml 

Tg(M2) Is the glass transition temperature of the homopolymer of M2, all temperatures being in 'K. 

[0020] The bimodal copolymer of the invention may be prepared by blending together two unimodal polymers having 
55 appropriate parttele diameters. Preferably, the bimodal copolymer of the invention is prepared by a one-pot process. 
By "one-pot process" herein is meant that both modes of the invention are synthesized during the same process, 
whether that process be batch, semi-continuous, or continuous. Bimodals synthesized by a one-pot process typically 
show more stain blocking effectiveness then blended bimodals. The polymerization techniques used to prepare bimodal 
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aqueous emulsion<;opolymers are well known in the art. In the emulsion polymerization process conventional sur- 
factants may be used such as. for example, anionic and/or nonionic emulsifiers such as, for example, alkatt metat or 
ammonium salts of alkyl. aryl, or alkylaryl sulfates, sulfonates or phosphates; alky! sulfonic acids; sulfosucclnate salts: 
fatty acids; clhylenicalty unsaturated surfactant monomers; and othoxylated alcohols or phenols. The amount of sur- 

5 factant used is usually 0.1% to 6% by weight, based on the weight of monomer Either thcmnal or redox Initiation 
processes may be used. Use of a redox initiation process is preferred. The reaction temperature is typically maintained 
at a temperature lower than 1 00 °C throughout the course of the reaction. Pref en-ed is a reaction temperature between 
30 "C and 95 "C, more preferably between 50 ^'C and 90*C. The monomer mixture may be added neat or as an 
emulsion in water. The monomer mixture from the first mode may bo added in one or more additions or conlinuoasly. 

10 linearty or not. over Ihe reaction period, or combinations thereof. The growth of the second mode may be initiated by 
use of a surlactant, or by use of a polymer seed, as taught, for example, In U.S. Patent No. 5,726,259. By "polymer 
seed", herein is meant a polymer composition whose particle size predefines the diameter of the second polymer mode. 
[0021] In another aspect of the present invention at least one of the modes is prepared by a multistage process in 
which at least two stages differing in composition are polymerized in sequential fashion. Such a process usually results 

15 in the formation of at least two mutually incompatible polymer compositions, thereby resulting in the formation of at 
least two phases wltWn the polynrter partWes of the mode. Such particles are composed of two or more phases of 
various geometries such as. for example, core/shell or core/sheath particles, core/shell particles with shell phases 
Incompletely encapsulating the core, core/shell particles with a multiplicity of cores, and Interpenetrating network par- 
tides. In all of these cases the majority of the surface area of the particle will be occupied by at least one outer phase 

20 and the interior of the particle will be occupied by at least one inner phase. Each of the stages of the multi-staged 
polymer mode may contain the same monomers, surfactants, chain transfer agents, etc. as disclosed herein for the 
bimodal copolymer. The polymerization techniques used to prepare such multistage emulsion polymers are well known 
in the art such as. for example, US Patents No. 4.325.856; 4,654.397; and 4,814,373. 

[00221 Conventional free radical initiators may be used such as. for example, hydrogen peroxide, sodium peroxide. 
25 potassium peroxide, t-butyl hydroperoxide, t-amyl hydroperoxide, cumene hydroperoxide, ammonium and/or alkali 
metal persulfates. sodium perborate, perphosphoric acid and salts thereof, potassium permanganate, and ammonium 
or alkali metal salts of peroxydlsulfuric acid, typteally at a level of 0.1 % to 3% by weight, based on the weight of total 
monomer. Redox systems using the same initiators coupled with a suitable reductant such as. for example, sodium 
sulfoxylate fomialdehyde. ascort^ic acid, isoascorbic acid, alkali metal and ammonium salts of sulfur-containing acids. 
30 such as sodium sulfite, bisulfite, thiosulfate. hydrosultite, sulfide, hydrosultide or dithionite. fom^adinesulfmic acid, hy- 
droxy methanesu If onic ackJ, acetone bisulfite, amines such as ethanolamine, glycolic acid, glyoxylic acid hydrate, lactic 
acid glyceric acid, malic add, tartaric acid and salts of the preceding acids may be used. Redox reaction catalyzing 
metal salts of iron, copper, manganese, silver, platinum, vanadium, nickel, chromium, palladium, or cobalt may be used 
[0023] Chain transfer agents such as. for example, halogen compounds such as tetrabromomethane; allyl com- 
35 pounds; or mercaptans such as alkyl thioglycolates. alkyl mercaptoalkanoates. and C4-C22 linear or branched alkyl 
mercaptans may be used to lowerthe molecular weight of the emulsion polymer and/or to provide a different molecular 
weiqht distribution than would otherwise have been obtained with any free-radlcal-generatlng iniHator(s). Linear or 
branched C.-Goo alkyl mercaptans such as n-dodecyl mercaptan and t-dodecyl mercaptan are preferred. Cham transfer 
agent(s) may be added in one or more additions or continuously, linearly or not, over most or all of the entire reaction 
40 period or during limited portion(s) of the reaction period such as. for example, in the kettle charge and in the reduction 
of residual monomer stage. Preferred is the use of 0 wt% to 6 wt%. more preferred 0 wt% to 1 wt%. most preferred 0 
wl% to 0 5 wt% chain transfer agent, based on the total weight of monomer used to form the aqueous emulsion co- 
polymer. To form the aqueous emulsion copolymer, it is effective to provide a GPC weight average molecular weight 
of 1000 to 5,000,000, ^ „^ . ^. 

45 [0024] The aqueous coating composition of the invention is prepared by techniques which are well known m the 
coatings art. For example, optionally, first, at least one dispersed pigment is provided. Optionally, the pigment(s) may 
be dispersed in an aqueous medium under high shear, such as is afforded by a COWLES mixer or. in an a lematrve. 
at least one predispersed pigment may be used. Then the aqueous emulsion bimodal copolymer (bimodal blend or 
one-pot synthesized bimodal) is added under low shear stining along with other coatings adjuvants as desired. Alter- 
so natively the bimodal aqueous emulsion copolymer may be included in the optional pigment dispersion step. The aque- 
ous composition may contain conventional coatings adjuvants such as. for example, tackifiers, emulsitiers, buffers, 
neutralizers. thickeners or rheology modifiers, humectants, wetting agents, biocides. plasticizers, antifoamtng agents, 
colorants, waxes, anti-oxidants, and coalescing agents. The composition of this invention is particularly useful in paints 
made with less than 1 % coalescing agents, such as Texanol^w, based on total paint weight. 
55 [0025] The solids content of the aqueous coating composition of the invention may be from 1 0% to 70% by volume. 
The viscosity of the aqueous composition may be from 50 cps to 10,000 cps. as measured using a Brookfield viscom- 
eter- the viscosities appropriate for different application methods vary considerably. 

[0026] The aqueous coating composition of the invention is contemplated to encompass coating or paint composi- 
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tions which may be described in the art as clear coatings, flat coatings. saBn coatings, semi-gloss coatings, gloss 
coatings, primers, textured coatings, and the like. Another embodiment of the invention is a method of blocking stams 
by forming the aqueous stain blocking coating composition of the Invention, applying that aqueous composition to a 
substrate, and thereupon drying, or allowing to dry that aqueous composilion. As used herein, the term subsUa^e 

5 includesprevlouslycMtedsurfaces.Thecompositionofthelnventlonmaybeapplleddirectlytothesubs^^^^ 

the use of a primer Substrates to which the aqueous coating composition of this invention may be applied include, for 
example, timber including but not limited to Eucalyptus Regnlns (classified as Mountain Ash). Cedar {all types^Pine, 
Meitau Teak Oregon, Cypress, Meranti. Oak. Rosewood, Mahogany, Black Bean. Balsa. Kaun, WalniU. Blackwood, 
Mvftle Sassafras, Blue Gum; processed timber including but not limited to medium density fibre board, chip board, 

10 laminates; mineral substrates including but not limited to mason^. cement, fibre cement, cement asbestos plaster, 
plasterboard glazed and unglazed ceramic; metal including but not limited to galvanised iron, galvanised steel, cold 
rolled steel Zincalum (TM). ZIncalum II (TM). Aluminium, wrought iron, drop forged steel, stainless steel; previously 
painted or primed surfaces (fresh, aged orweathered) including but not limited to acrylic coatings, vinyl acnrliccoatings, 
styrene acrylic coatings, powder coated surfaces, solvent acrylic coatings, alkyd resin coatings, solvent urethanecoat- 

15 ings epoxy coatings; and synthetic substrates including but not limited to PVC, PVDC, polyethylene, polypropylene, 
on which are disposed markings deposited by aqueous or non-aqueous compositions such as those from marking 
pens orwhichcontainwatersolublechromophoricstainingcompoundssuch as tannins, wheresuchstainsarecapable 

of appearing, to a greater or lesser extent, on the surface of a dry later-deposited coating, or which contain satts which 
can cause efflorescence. Without being bound by mechanism, it is believed that such stains become solubil.zed or 

20 dispersed In wet later-applied coating and migrate sufficientbr so as to appear on the surface of a dry later-applied 
coating, thus defeating one of the objectives of applying the later-applied coating, namely, to hide unsightly stains The 
aqueous stain-blocking coating of this invention, when dry, Is believed to block and/or lock in the stains so that they 
cannot appear on the visible surface of a dry-later deposited coating. The aqueous stain blocking coating co"\pos.tion 
may be me sole coating applied to the stain bearing substrate, or It can be followed by the application of additiona 

25 coat(s) of the same composition, or a different coating composition, whether slain blocking or not The composition of 
the invention may applied by conventional applicatton methods such as, for example, brushing and sp«y'n9 '"«lh«te 
such as for example, roll coating, doctor-blade application, printing methods, air-atomized spray, air-assisted spray, 
airless spray, high volume low pressure spray, and air-assisted airiess spray. After application, the aqueous stein- 
blocking coating compositten coated on the substrate is typically dried, or allowed to dry. at a temperature from 0 C 

^ mS] ^An additional embodiment of the invention is a method of providing improved hiding by forming the aqueous 
coating composition of the Invention, applying that aqueous composition to a substrate, and thereupon dnring or a^ 
lowing to dry that aqueous composttlon.Byhidlng-.hereinismeantobscuringolthesurface of the substrBte(including 

previously coated substrates) which lies beneath the coating composition, due to the opacity of the coating^ The aque- 
35 ous coating composition of the invention may be applied and dried as described above. By "improved hiding herein 
is meant, hiding perfomiance that is superior to that obtained using a polymer, including an aqueous emulsion polymer, 
having acompositionotherthan that of the present Invention. 

r0O281 Another embodiment of the Invention is a method of providing Improved block reslstancebyformingttie aque- 
ous coating composition of the invention, applying that aqueous composition to a substrate, and thereupon drying^ or 

40 allowing to dry that aqueous composition. By "block resistance", herein is meant resistance ^9^'"*^«^« J^'^^^^^f °I 
the coating to stick or fuse to itself when two coated surfaces are placed face-to-face, By "improved block resistance 
herein is meant, block resistance perfomiance that is superior to that obtained using a polymer, including an aqueous 
emulsion polymer, having a composition other than that of the present Invention. The aqueous coating composition of 
the invention may be applied and dried as described above. ..whk, r^T^inn tho 

45 [0029] An additional embodiment of the invention Is a method ot providing improved shear stability by fomriing the 
aqueous coating composition of the invention. By "shear stability herein is meant resistance against changes in phys- 
ical property upon subjection to conditions of shear, such as, for example, sUrring or pumping. By 'rnp-wed shear 
stability- herein Is meant, shear stability perfomiance that Is superior to that obtained using a polymer. Including an 
aqueous emulsion polymer, having a composition otherthan that ofthe present invention. ,^ ^ , 

50 [0030] The following examples are presented to illustrate the invention and the results obtained by the test proce- 
dures. 

Application Test Procedures 
55 Tannin Stain Blocking 

[0031] Cedar and Redwood panels were used in this test due to the high degree of tannins and other chromophoric 
extractives that are prevalent in these wood based substrates. The boards that were chosen were planed and sanded 
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panels with a consistent grain pattern across the length of the board to avoid variabllliy in the test. Each test panel was 
divided into equal sections and lest samples were applied as a base coat by brush to equal spread rate which was 
determinedby the weighlngofthepaint(-'11squaremeterperliter(--450squareffeetpergallon)). Paints were allowed 

to dry approximately 2 hours. The test samples were then applied a second time as a lop coat In the same manner as 
5 the base coat The boards were immediately placed into a scalable. 100% humidity chamber. One half hour before 
placing the boards into the chamber, the chamber was prepared by placing 3 gallons of hot tap water (35^ • 45* C) 
into it to create humidity. The boards were supported 7.6 cm (3 inches) above the water, face-up and allowed to remain 
there for 1 6 hours. The boards were then removed and allowed to dry at lab conditions for at least 24 hours. 
[0032] The panels were then rated for slain blocking in two ways: 

10 

1) Qualitatively or visually, on a scale of 1 to 10 with a 10 rating being 100% tannin blocking and a 1 rating being 
10% tannin blocking. In this method. 1 unit is considered significant 

2) Spectrophotometrfcally, by taking L*a*b readings using a Byk-Gardner Color Sphere. The b values are most 
important Less-positive b values indicate better tannin stain blocking perf omiance. L values . measuring whiteness. 

is are also important. Higher or more positive L values indicate belter tannin stain blocking performance. In this 

method 0.5 unit is considered significant for b and L values. 

Peel Block Resistance 

20 [0033] All steps were carried out in a constant temperature room (CTR) at 25<'C and 50% relative humidity. The test 
samples were cast on Leneta Fonn WB. a sealed white chart using a 3 Mil Bird applicator. The charts were then 
conditioned in the CTR for 7 days. Four 3.8 cm x 3.8 cm (1 -1/2" x 1 -1/2") sections (to run duplicates) from the white 
area of each conditioned panel were cut out. The paint surfaces of the cut sections were placed face to face. These 
face to face specimens were next placed in a 50«C oven on a flat metal plate. Each individual specimen was then 

25 lopped with a heated, solid, number 8 mbber stopper where a heated 1 kg weight was then placed on each stopper. 
In orderlo avoid temperature gradients which may affect the accuracy of the procedure, the weights and stoppers were 
equilibrated in the oven ovemlght prior to the running of the test. After exactly 30 minutes, the stoppers and weights 
were removed and the test specimens were cooled for 30 minutes at room temperature. After cooling, the specimens 
were pulled apart with a slow and steady force at an angle of approximately 180«, The samples were rated for block 

30 resistance on a scale of 0 to 10 where 1 0 equals no tack and 0 is a complete seal. 

[0034] For room temperature peel block resistance, the samples were prepared according to the procedures outlined 
above but they were not placed in the oven. Instead, the specimens were placed on a bench top in the CTR under 
No. 8 stoppers and 1 kg weights. They remained under pressure at ambient temperature for 20 hours, and their block 
was rated at the end of this time period. 

35 

Examples 1-2; Synthesis of Unimodal Polymer Dispersion 

[0035] A unimodal polymer dispersion was prepared as follows. A 5-llter. four necked round bottom flask was 
equipped with paddle stirrer, thermometer, nitrogen inlet and condenser. In the initial kettle charge, a mixture of Sur- 

40 factant A, ammonium bicarbonate, and deionized water was added to the kettle and heated to 82 «C under a nitrogen 
atmosphere. A monomer emulsion (ME) was prepared by mixing deionized water, sodium laurylether sulfate butyl 
acrylate methyl methacrylate, 1 -dodecanelhiol. and phosphoethyl methacrylate (61 weight % active strong acid mon- 
omer) With the kettle water at 82 «C. the following materials were added in order ME and rinse water, a mixture of 
0 1% iron sulfate solution and 1% versene solution, a solution of te/t-butyl hydroperoxide in deionized water, and a 

45 solution of Isoascorbic acid in water. The reaction temperature was kept at 80 "C. After stirring tor 5 minutes, the 
remaining ME was added over a period of 120 minutes at 80 'C. Two cofeed solutions (70% ferf-butyl hydroperoxide 
in deionized water and isoascorbte acid in deionized water) were gradually added. When half of the ME was added to 
the kettle ammonium hydroxide (28%) was added to the isoascorbic acid cofeed solution. After the completion ot me 
monomer addition, the ME container was rinsed with deionized water. The dispersion was then cooled 60 «C. While 

50 the reaction mixture was allowed to continue to cooL two chase solutions (70% ferf-butyl hydroperoxide in deionized 
waterand isoascorbic acid in deionizedwater) were then added over20minutes.A28% ammonium hydroxide solut^^^^ 

was added to the kettle, after which the dispersion was filtered to remove any coagulum. The quantities of ail matenals 

charged to the kettle can be found in Table 1 below. 
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Table 1. 



Examples 1-2: Synthesis of Unimodal Polymer Dispersion 


Material Name 


Maieriai 


AmAiint (n\ 
rvTiOUlU 




Example 1 


example ^ 


Initial Kettle Charge 






Surfactant A 


96.8 


16.1 


Ammonium bicarbonate 


6.6 


6.6 


Deionized water 


1400 


1000 


Monomer Emulsion Preparation 






Deionized water 


680 


680 


Sodium iaurylether sulfate 


64.5 


51.6 


Butyl aery late 


940 


940 


Methyl methacrylate 


996 


996 


1 -Dodecanethiol 


5 


5 


Phosphoethyl methacrylate (61 wt% active strong acid monomer) 


64 


64 


Kettle Addition at 82C 






Monomer emulsion 


137.5 


136.8 


Rinse water 


20 


20 


Mixture : 0.1% iron sulfate solution/ 1% versene solution 


25/1.7 


25/1.7 


70% Tert-butyl hydroperoxide in deionized water (TBH/DIW) 


0.5/10 


0.5/10 


Isoascorbic acid in deionized water (lA/DIW) 


0.25/10 


0.25/10 


Kettle Addition at 80C 






Monomer emulsion 


2616 


2604 


70% Tert-biityl hydroperoxide in deionized water (TBH/DIW) 


3.9/99 


3.9/99 


Isoascorbic acid in deionized water (lA/DIW) 


2.6/90 


2.6/90 


Ammonium hydroxide 


10.9 


10.9 


Deionized water rinse 


30 


30 


Chase Solutions 






70% Tert-butyl hydroperoxide in deionized water (TBH/DIW) 


0.82/10 


0.82/10 


Isoascorbic acid in deionized water (lA/DIW) 


0.54/15 


0.54/15 


28% Ammonium hydroxide solution 


18.8 


18.8 


Filtered dispersion pH 


7,6 


7.9 


Filtered dispersion solids content 


44.7% 


49.3% 


Filtered dispersion average particle size 


60 nm 


97 nm 


NOTE: 






Surfactant A is a 31 % solution in water of sodium ethoxylated C6-C1 8 alkyi ether sulfate, having 1 -40 ethylene 


oxide per molecule. 







Example 3: Synthesis of Unimodal Aqueous Emulsion Copolymer 

[0036] A unimodal polymer dispersion was prepared as follows, A 5-liter, four necked round bottom flask was 
equipped with paddle stirrer thermometer nitrogen inlet and condenser In the initial kettle charge, a mixture of am- 
monium bicarbonate, the dispersion made in Example 1 , and deionized water, was added to the kettle and heated to 
80 °C under a nitrogen atmosphere. A monomer emulsion (ME) was prepared by mixing deionized water, Surfactant 
A, butyl acrytate, methyl methacrylate, 1 -dodecanethiol. and phosphoethyl methacrylate (61 weight % active strong 
acid monomer). With the kettle water at 80 °C, the following materials were added in order: ME and rinse water, a 
mixture of 0.1 % iron sulfate solution and 1 % versene solution, a solution of fert-butyl hydroperoxide in deionized water, 
and a solution of isoascorbic acid In water The ME was then added over a period of 120 minutes at 80 °C. Two cofeed 



8 



EP 1 302 515 A2 



solutions (70% tert-butyl hydroperoxide in delonized water and isoascoAic acid in deionized water were gradual^ 
rdderWhen haS of the ME Jb added to the kettle, ammonium hydroxide (28%) was added to the .soascorbic ac-d 
Seed sorontttthecornpleUon of the monomer addition. theME^^^^^ 

dSpeifon was then cooled 60 'C. While the reaction mixture was allowed to continue to cool, two chase solutrans 
yd oporoxido In deionized water and teoascort,lc add In deionized water) were the? added ^vej^J 
mlnmrAZa^ ammonium hydroxldesoimionwasaddedtothekettle.an 
any coagulum. The quantities o( all materials charged to the kettle can be found in Table 2 below. 



Example 3: Synthesis of Unimodal Aqueous Emulsion Cop 




Material Name 


Material Amount (g) 




Example 3 


Initial Kettle Charge 




Ammonium bicarbonate 
Example 1 polymer dispersion 
Deionized water 


4,9 
76.8 
900 


Mrtnrvmor Pmiilfiion PrGD&raVion 




Deionized water 
Surfactant A 
Butyl aery late 
Methyl methacrylate 
1 -Dodecanethiol 

Phosphoelhyl methacrylate (61 wt% active strong acid monomer) 


680 

25.8 
940 
996 
5 

64 


Kettle Addition at 80C 




Mixture : 0.1% iron sulfate solution/ 1% versene solution 
70% Tert-butyl hydroperoxide in deionized water (TBH/DIW) 
Isoascorbic acid in deionized water (lA/DIW) 
Monomer emulsion 


25/1 .7 
0.5/10 
0.25/10 
2712 


Cofeed Solutions 




70% Tert-butyl hydroperoxide in deionized water (TBH/DIW) 
Isoascorbic acid in deionized water (lA/DtW) 
Ammonium hydroxide 
Deionized water rinse 


3.9/99 
2.6/90 
10.9 
30 


Chase Solutions 




70% Tert-butyl hydroperoxide in deionized water (TBH/DIW) 
Isoascorbic acid in deionized water (lA/DIW) 

28% Ammonium hydroxide solution 


0.82/10 
0.54/15 
18.8 


Filtered dispersion pH 

Filtered dispersion solids content 

Filtered dispersion average particle size 


8.0 

50.9% 
226 nm 


sSLnt A is a31%solution In waterol sodium ethoxylated C6-C18 alkyi ethersulfate. having 1-40 ethylene 
oxide per molecule. , 



15 



20 



25 



30 



35 



50 



Example 4: One-Pot Synthesis of Bimodal Aqueous Emulsion Copolymer 

10037] AbimodaIpolymerdispersionwaspreparedasfollows.A5.me,fournec^^^ 

With ?addle stirrer, them^omele, nitrogen inlet and condenser A mixture of ^^JS^^^^^^^^^^^ 

ammonium bicarbonate. 88.9 grams of an acrylic polymer emulsion (100 nm. 45% solids), and 700 grams 
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water was added to the kettle and heated to 80 under a nitrogen atmosphere. A monomer emulsion (ME) was 

prepared by mixing 680 grams ot deionized water, 64.5 grams of Surfactant A, 940 grams of butyl acrylate. 976 grams ^ 
of methyl methacrylate. 5 grams of 1 -dodecanethiol, and 64 grams of phosphoethyl methacrylate (61 wt7o active strong 
add monomer), and 40 grams of 50% ureldo methacrylate. With the keUle water at 80 °C, the following materials were 

5 added in order a mixture ot 25 grams of 0.1% iron sulfate solution and 1 .7 grams of 1 % versene solution, a solution 
of 0.50 grams of fert-butyi hydroperoxide in 10 grams of deionized water, and a solution of 0.25 grams of isoascorbic 
acid in 1 0 grams of water. The i\flE was added to the kettle at 80 °C. Two cofeed solutions (3.9 grams of 70% terf-butyl 
hydroperoxide in 99 grams of deionized water and 2.6 grams of isoascorbic acid in 90 grams of deionized water) were 
gradually added along with the monomer emulsion addition. When half of the ME was added to the kettle, ammonium 

10 hydroxide (28%, 1 0.9 grams) was added to the isoascorbic acid cofeed solution. After the completion of the monomer 
addition, the ME container was rinsed with 30.0 grams of deionized water. A solution of 0.27 grams of 70% terf-butyl 
hydroperoxide in 5 grams of water was added, followed by a solution of 0.17 grams of isoascorbic acid in 5 grams of 
water. The dispersion was then cooled 60 *'C. While the reaction mixture was allowed to continue to cool, two chase 
solutions (0.82 grams of 70% ferJ-butyl hydroperoxide in 10 grams of deionized water and 0.54 grams of isoascorbic 

is acid in 1 5 grams of deionized water) were then added over 1 5 minutes. After the addition of a solution of 1 8.8 grams 
of 28% ammonium hydroxide in 20 grams of deionized water, the dispersion was filtered to remove any coagulum. The 
filtered dispersion had a pH of 8.1 , and 52.7% of solids content. Examination of the dispersion with CHDF showed that 
It has two distinctive modes (55% at 90 nm and 45% at 206 nm by weight). 

[0038] The unimodal polymer dispersions of Examples 2 and 3 were blended together, creating a bimodal polymer 
20 dispersion. Examples 6-8 In Table 3 show the various blend ratios used. One-pot synthesized versions of the Example 
7bimodal polymer dispersion were made according to the process of Example 4. Examples 9-10 in Table 3 thus rep- 
resent one-pot synthesized bimodal polymer dispersions. 

Tables. 

25 

[0039] 



Blended Bimodals and One-Pot Synthesized Bimodals 


Example 


Blend Ratios 


5 


20% Example 2J ;80%Example 3 


6 


40% Example 2/ 760% Example 3 


7 


60% Example 2//40% Example 3 


8 


80% Example 2//20 % Example 3 


9 


One-pot synthesized version of Example 7 


10 


OneiJOt synthesized version of Example 7 



Example 11 : Preparation of Aqueous Compositions for Peel Block Resistance and Tannin Stain Blocking Testing. 

[0040] Aqueous coating compositions were prepared using the polymer according to the following fomiulation. Grind: 
All liquid ingredients were placed in a vessel except for the ammonia. The vessel was then placed on a benchtop mixer 
where the ammonia was slowly stirred in to neutralize. The contents were transferred to a COWLES high speed dis- 
perser. While the disperser was operating at low speed (1000 rpms) the dry ingredients were added in the following 
order; Tiona™ RCL-575 and Zinc Oxide White Seal™. Letdown: The grind was diluted with half of the letdown water 
and then added to the polymer dispersion on a benchtop mixer. This was followed by the addition of propylene glycol, 
FoamasterTM VL. water, NatnssoF** Plus 330, TexanoF", Acrysol™ RM-2020 NPR, and Acrysor" RM-8W. 



Table 4. 



50 


Formulation Ingredients Used in Aqueous Coating Composition 


Material Name 


Grams 


Grind 






Propylene Glycol 




22.45 


55 




Water 




13.47 






Tamol™ 731A 




4.34 






Ammonia (28%) 




0.5 
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Table 4. (continued) 



Formulation Ingredients Used in Aqueous Coating Composition 


Material Name 


Grams 


Grind 




Tergitol^" NP-40 
Foamaster™ VL 
Tiona™ RCL-676 
ZnO White SeaF^ 


0.5 
0.5 
142.2 
4.49 


LetDown 




Propylene Glycol 
Bimodai polymer 
FoamaslefT" y/L 
Water 

Natrosoi™ Plus 330 
Texanol™" 

Acrysol^** RM-2020 NPR 
Acryso|T»« RM-8W 


4.99 
340 
0.5 

80.66 
0.5 

10.29 
3,78 
1.26 


NOTE: 

ACRYSOL and TAMOL are trademarks of Rohm and Haas Company, located in Philadelphia. Pennsylva- 


nia. 

TEXANOL is a trademark of Eastman Chemical Co.. located In Kingsport, Tennessee. 
Tiona is a trademark of Millennium morganic Chemicais, iocaled in Hunt Valley, Maryland. 
NATROSOL is a trademark of Aqualon Div., Hercules Inc., located in Wilmington, Delaware. 
TERGITOL is a trademark of Dow Chemicals, located in Midland. Michigan. 
FOAMASTER is a trademark of Cognis, located in Cincinnati, Ohio. 



Evaluation of Aqueous Compositions for Peel Block Resistance and Tannin Stain Blocking 

[0041] Coated samples were evaluated according to the Tannin Stain Blocking Test described above. The results 



are presented in Tables 5-7. 



Table 5. 



Evaluation of Dry Aqueous Coating Compositions For Tannin Stain Blocking Over Cedar. 



Example 



C2 
C3 
5 
6 
7 
8 
9 



96.0784 
95.8542 
96.0725 
95.8937 
96.0468 
96.1684 
96.492 



b* 



1.8418 
4.8267 
4.552 
3.046 
3.784 
3.5822 
1.1577 



Visual 



8.5 
6 
7 
8 
8 

6.5 
9.5 



Table 6. 



Fvflluatlon of Drv Aqueous Coating Compositions For Tannin Statn Blocking Over F 


Redwood. 


Example 


L* 


b* 


Visual 


C2 
C3 
5 


95.3394 
91.2587 
91.5077 


4.607 
8.494 
6.181 


6.5 
6 

5.5 
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Table 6. (continued) 



'10 



Evaluation of Dry Aqueous Coating Compositions For Tannin Stain Blocking Over Redwood. 


Example 


L* 


b* 


Visual 


6 


94.4607 


6.859 


6.5 


7 


93.7909 


6.401 


6.5 


8 


92.4498 


7.464 


6.5 


9 


95.7894 


2.6117 


8.5 


NOT€: Examples C2 and C3 mean Examples 2 and 3 respectively, presented as comparative exam- 
ples. 



[0042] The results show that blends containing 40 or 60% of small mode (Example 6 and 7 of this invention) dem- 
onstrate similar tannin stain blocking perfonnance to that of the small particle size unimodal emulsion (Example C2]. 
15 Also, when a one-pot synthesized version of the Example 7 blend was evaluated in a different series (Example 9 of 
this invention) the performance was superior to this blend as well as the unimodal emulsion (Exanrple 02). 



Table 7. 



Evaluation Of Dry Aqueous Coating Compositions For Peel Block Resistance. 


Examples 


RT Peel Block 


50'C Peel Block 




Resistance 


Resistance 


C2 


8.5 


8 


C3 


5.5 


2 


5 


8 


3 


6 


9 


8 


7 


9 


8.5 


8 


8 


7 


10 


9 


8.5 



[0043] The results show that blends containing 40 or 60% of small mode (Examples 6 and 7 of this invention) dem- 
onstrate similar peel blocking perfomnance to that of the small particle size unimodal emulsion (Example C2). Also, 
when a one-pot synthesized version of the Example 7 blend was evaluated in a different series (Example 10 of this 
35 inventkin) the performance was superior to this blend as well as the unimodal emulsion (Example C2). 

Shear Stability Testing 

[0044] The cone and plate of the ICI Cone and Plate Viscometer were first cleaned. The cone was then lowered by 
40 means of a lever am until it stayed in contact with the plate. At least 5 minutes of warm-up time was allowed before 
testing. The cone was then raised and 3 or 4 drops of sample were applied to the center of the plate. The cone was 
then lowered. After waiting 15-30 seconds, the start button was pressed and the reading of the indicated viscosity was 
noted as soon as the pointer came to rest. The process was repeated with a second specimen. 



Table 8. 



Shear Stability Testing Results 


Example 


Viscosity 
(Poises) 


C2 
10 


0.2-1 .7 
0.4 



[0045] The pointer fluctuated back and forth, never coming to rest with the unimodal Example C2 thus indicating 
high shear instability of this example while Example 10 of this invention demonstrated good stability. 

55 
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Hiding Determination Method 

[0046] ThepalnttobeanalyzedwasmadeusingtheforrnulationoutlinedbelowtTabte 



the procedure of Example 11 . 



Table 9. 



Formulation Ingredients Used In Aqueous Coating Composition 


Material Name 


Grams 


Grind 




Propylene Gtycoi 
Water 

TamoI^"731A 
Ammonia (28%) 
TericT" N-40 
Foam aster™ VL 
Tiona^" RCL-575 


5.62 
3.37 
1.09 
0.12 
0.12 

36.05 


LetDown 






Propylene Glycol 

Example 4 or Example 012 

Foamaster^** VL 

SuproniiT"- hK 

Water 

Texanol^*" 

Aciysol™ RM-2020 NPR 
Acrysol™ RM-8W 


1.26 
89.39 
0.13 
0.26 
15.52 
2.61 
1.26 
0.63 


NOTE: 

SUPRONIL is a Irademarlc of Ciba-Geigy Corporation, located in .Hawthorne NY. 

Example C12 is RHA™ -184. which is a butylacrylate/methylmethacrylate/acrylic acid unimodal polymer dis- 
persion supplied by Rohm and Haas Co.. located in Philadelphia, Pa. ^ 



[0047] Four additional paints were made, in which the pigment volume <^„^) .^^.J^^^ 

20% ot the inttlal value, holding the PVCs of all other pgments, extenders, and dyes constant. Also the volun^ solids 

SSiTj:J;:cr;r:BirdbaronLeneta^"Ch^ 

S for Ileast 12h,s. Y-re.lectance of the coating was measured over the black and white s^''""; °> ^^J*^^^^^ 
us noa Pacific Scientific Colorguard colortneter (Gardner Ineolec). The gap on the Bird bar was e^^^gh t^"^"^^ 
"led nimThlrls large^enough that the Y-refleCance measured over the black and whrte sections of the chart 
were the same. S values were calculated using the following equation: 



S=2.578*Y/(1-Yr, 

where Y Is a number from 0-1. S vs pigment PVC (V) data was fit to the following equation; 



S=A*V*(1-B*V''^). 



[0049] II the paints had Y-refleclance values of greater than 0.75. the paints were first tinted by adding 1 .75lbs of 

SlTF^r^^^^StheBva,^^^ 
sion Example 4, and a comparative Example C12 
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[0052] The results are given in Table 9 below 

Table 9 



Hiding Testing Results 


Polymer Dispersion 


B Value 


Example 4 
Example CI 2 


0.225+/- 0.013 
0.296+/- 0.002 



The date clearly shows that the polymer dispersion of Example 4 has substantially better hiding (lower B) than the 
comparative polymer dispersion of Example C12. 



Claims 

1 , A coating composition comprising a bimodal aqueous emulsion copolymer, wherein said bimodal copolymer com- 
prises as polymerized units 0.1% to 10% by weight, based on the dry weight of said copoiyn^er, of a strong acid 
monomer, or salts thereof; 

wherein said bimodal copolymer comprises small mode particles having a diameter of 50 to 150 nm, 

wherein said bimodal copolymer comprises large mode particles having a diameter of less than 400 nm; 
wherein said small mode particles are smaller in diameter than said large mode particles; 

wherein the ratio of said small mode particles to said large mode particles is 10:90 to 90:10 by weight. 



25 



30 



40 



45 



50 



2. The composition, as redted in claim 1 . wt^erein said bimodal copolymer comprises as potymerizod units 0.5% to 
10% by weight, based on the dry weight of said copolymer, of a phosphorous containing strong acid monomer. 

3. The composition, as recited in claim 1 , wherein said bimodal copolymer comprises as polymerized units 1 % to 5% 
by weight, based on the dry weight of said copolymer, of a phosphorous containing strong acid monomer 

4. The composition, as recited in claim 1 , wherein said ratio of said small mode particles to said large mode particles 
is 30:70 to 80:20 by weight. 

5. The composition, as recited in claim 1 , wherein said bimodal copolymer is prepared by a one-pot process. 

6. The composition, as recited in claim 1 , wherein at least one mode of said bimodal copolymer is prepared by a 
multi-stage process. 

7. A method for blocking stains comprising: 

(a) fomiing a coating composition comprising a bimodal aqueous emulsion copolymer, 

wherein said bimodal copolymer comprises as polymerized units 0.1 % to 10% by weight, based on the diy 
weight of said copolymer, of a strong acid monomer, or salts thereof; 

wherein said bimodal copolymer contains small mode panicles having a diameter of 50 to 1 50 nm, 
wherein said bimodal copolymer contains large mode particles having a diameter of less than 400 nm; 
wherein said small mode particles are smaller in diameter than said large mode particles; 
wherein the ratio of said small mode particles to said large mode particles is 10:90 to 90:10; 

(b) applying said coating composition to a substrate; and 

(c) drying, or allowing to dry said coating composition. 

6. A method for providing improved hiding comprising: 



(a) forming a coating composition comprising a bimodal aqueous emulsion copolymer, 

wherein said bimodal copolymer comprises as polymerized units 0.1% to 10% by weight, based on the dry 

weight of said copolymer, of a strong acid monomer, or salts thereof; 

wherein said bimodal copolymer contains small mode particles having a diameter of 50 to 150 nm, 
wherein said bimodal copolymer contains large mode particles having a diameter of less than 400 nm; 
wherein said small mode particles are smaller in diameter than said large mode particles; 
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wherein the ratio of said small mode particles to said large mode particles is 10:90 to 90:10; 

(b) applying said coating composition to a substrate; and 

(c) diying, or allowing to dry said coating composition. 

9. A method for providing improved block resistance comprising: 

(a) forming a coating composition comprising a bimodal aqueous emulsion copolymer. 

wherein said blmodal copolymer comprises as polymerized units 0.1% to 10% by weight, based on the dry 
weight of said copolymer, of a strong acid monomer, or sails thereof; 

wherein said bimodal copolymer contains small mode particles having a diameter of 50 to 1 50 nm. 
wherein said blmodal copolymer contains large mode particles having a diameter of less than 400 nm; 
wherein said small mode particles are smaller in diameter than said large mode particles; 
wherein the ratio of said small mode particles to said large mode particles is 10:90 to 90:10; 

(b) applying said coating composition to a substrate; and 

(c) drying, or allowing to dry said coating composition. 

10. A method for providing improved shear stability comprising, fomxing a coating composition comprising a blmodal 
aqueous emulsion copolymer, ^ . ^ 

wherein said bimodal copolymer comprises as polymerized units 0.1% to 10% by weight, based on the dry 
weight of said copolymer, of a strong acid monomer, or salts thereof; 

wherein said bimodal copolymer contains small mode particles having a diameter of 50 to 150 nm, 
wherein said bimodal copolymer contains large mode particles having a diameter of less than 400 nm; 
wherein said small mode particles are smaller in diameter than said large mode particles; 
wherein the ratio of said small mode particles to said large mode particles is 10:90 to 90:10. 
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